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1. Introduction

Any technical product - technical object system (TS) and its life cycle processes needs to meet many
requirements. These are not only requirements concerning the TS operational/transformation
functions, their parameters and connection interfaces, but also high product safety and health
protection, good appearance, easy manufacture, transport, maintenance and liquidation, low price,
short delivery time, and many others.

Some of these requirements concern the TS operational process (the TS operational/ transformation
functions and their parameters, etc.). Some pertain directly to the TS constructional structure
(locations, forms and dimensions of connection interfaces, etc.). Some are more concerned with the TS
conformance to other life cycle processes (easy manufacture, transport, operation, maintenance,
liquidation, etc.). Some have to be fulfilled ‘implicitly’ within all these processes (high product safety,
health protection, environmental compatibility, etc.) and some result from previous processes (low
price, short delivery time, etc.). The reason for this diversity is the fact that these requirements have to
cover all the important (partial, subtotal and total) TS ‘multiple overlapping’ properties related to all
the TS life cycle processes.

Furthermore, only a minor part of these requirements is available to engineering designers as the
explicitly stated requirements. Most of them are generally implied or obligatory [ISO 9000:2000], and
very often so far inapparent, that, even for very skilled engineering designers and/or researchers, it is
very easy not to consider them in time or to omit some relevant points.

2. TS properties and their states

The fulfilment of each requirement can be evaluated by comparing the required and real (future or
actual) states /‘values’ of the corresponding TS property and/or TS life cycle process property (the
fulfilment of all partial and subtotal corresponding requirements, if any, are necessary). These states
can mostly be expressed/measured linguistically only (high, low, easy, impossible, etc. - or using their
alphabetical/numerical codes). Only some requirements/properties can be measured by numerical
sizing with an attached physical unit (m, s, m/s, rpm, J, W, etc.). However, some of the TS life cycle
process oriented requirements (easy manufacture, distribution, required price, etc.) can also be
measured by means of cost units (partial, subtotal or total costs needed for machining, assembly,
packaging, storing, transport, etc., in EUR, $, etc.) and/or in corresponding time units (partial, subtotal
or total times needed for the operations mentioned above in years, months, hours, seconds, etc.). The
states of the TS properties, i.e. of the potential quality characteristics [ISO 9000:2000], are
affected/determined both by the state of TS constructional structure and by the factors related to the



respective TS life cycle processes. It is not possible to separate the share of these two complementary
components on the final state of the TS property.

To be able to achieve, identify, evaluate, improve etc. the required future real states of the TS
properties in engineering design processes, it is necessary to consider ideal/supposed/prescribed
nominal, lower and upper ‘constructional’ states of the TS life cycle process factors. The respective
nominal, lower and upper ‘constructional’ states of all TS properties (Fig. 1) can then be
derived/predicted for the designed TS constructional structure within the ideal/supposed/prescribed TS
life cycle processes using relevant, more or less accurate, thought and/or computational methods
available. The future/actual achieved states of TS properties can be called ‘real’ ones (Fig. 1) if
necessary. On the other hand, when speaking only about engineering design of TS (including this
paper) the adjective ‘constructional’ can usually be omitted (except when it is necessary to
differentiate both cases).
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Figure 1. States of a TS property

In order to emphasise the unavoidable constructional share of TS in the constructional state of a TS
property in ideal/supposed/prescribed process circumstances and/or on the resulting future/actual real
state of this property, and to avoid the misunderstandings mentioned above, the TS property can be
defined as a ‘TS constructional suitability for a respective requirement’. Of course, having this in our
minds, we can call this ‘constructional suitability’ simply a ‘TS property’, too (using the ‘respective
requirement’ class as an adjective), e.g. TS functional, manufacturing, distribution, operational or
liquidation properties, and maybe cost/economic or time properties as well. The importance of this
approach proves that a good deal of the relevant knowledge has been gathered and developed into
generally known sets of methods, rules, and facts called ‘Design for X° (DFX), where X means ‘TS
property’, i.e. actually ‘TS suitability for a respective requirement/property X’.

3. Strategies for the consideration of TS properties

The solution space for the required/considered and unforeseen TS properties and both their internal
and external relations mostly depend on the knowledge and experience gained through education as
well as practice. Furthermore, they are strongly affected by the previously made and corrected
mistakes. This approach, abstractly depicted in the bottom plane in Fig. 2, can be called intuitive
strategy (level 1) of using the needed knowledge.

A better procedure is the use of theoretical and/or empirically prescribed guidelines. These identify,
more or less, among other things, the range of properties to be considered/required as depicted in the
middle plane in Fig. 2. However, a buffer space has to be allocated here for those properties which
have not been considered/required by the methodical guidelines available and which do not ‘emerge’
until the process of engineering design of TS or unfortunately very often later or even too late. This
procedure can be called methodical strategy (level 1) of using the needed knowledge.

In our opinion and experience, knowledge needed for engineering design of TS can be best used in
engineering design education, practice and research in the form of the system of easy to remember
concise systemic graphical ’maps’/schemes/models [Hubka 1996], including also the knowledge
concerning the TS properties. Such a map concerning the classes of internal and external life cycle TS
properties (understood as TS ‘suitabilities’ for respective requirements as mentioned above) is
abstractly depicted in the top plane in Fig. 2, and discussed briefly in the following chapter.
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Figure 2. The solution spaces for TS Properties using different strategies of use of needed

knowledge

This approach can be called a systemic strategy (level I11) of using the needed knowledge. Even if not
perfect, it can provide, in most instances, a comprehensive framework and controls for ensuring the
required course leading to the ‘goals’, and at the same time for maintaining ‘balance’ of the ‘goals’
when designing any new TS. This philosophy supports also very effectively the necessary optimal
transitions between systemic, methodical-empirical and intuitive ways of thinking (i.e. transitions 111
<=>[I <=>I), which can be called Knowledge Integrated Engineering Design.

4. Classes of TS properties

In the past (before Releaux) it was believed that there were countless numbers of classes of TS
properties, which were, moreover, different for respective areas of the TS. In such a case the
required/considered TS properties of the designed product can depend on the use of intuitive
knowledge support at level I or on the use of methodical support at level II only.

Action
SUBJECT
(operator)

Action
> PROCESS >

Action
OBJECT
(operand)

U

Technical Manag. Environment
OPERATOR  HumafY$om8iforms ey, ina given
P Mean§y<ﬁcm Space and Time
P~
i
\Ideas, Needs, ‘ ‘ ‘ ‘ Marketing, Pl

other pre-design docgimentation on TSc),
‘Requiremenls speciffcation

Design description
of the TS

| Technological and Qrganizational d on for Manufacturing TS.c

Trf: Technological and Organiz}tidnal
< Preparation for manufacturifg.TS..c,

TS, installed

Environment in given location
and fime

OPERA- A >0
TORS: . - purpose of the
’ ,,,,,,,,,,,,,
| Renovated parts of ['S.c),
| Recycled materials)
| leparatinie regycling, etd) of TSuc)
Dperan Opera !
d Trf: Transformation nd o J )
o ‘Abbreviations:
Becondar Seconda Trf: Transformation/Transformation process (TrP) performed according to the established
| [Technology (Tg)
y Inputs ry TS: Technical system/technical object (in general) TS TS subjected to the presented Life
-~ Cycle

g8 ‘%WW&!‘“““” htion) of TSuc)

for operation/use

Working operand

<
| Working operand (M,| TS.
' (MED)  of the

| in input state 1
he working operand

Figure 3. Model of TS Life Cycle [Hubka 1996] (right) composed from the Models of
Transformation Systems [Hubka 1996] (bottom left), paradigm of which creates a Model of

Action [Eekels 2000] (top left)



However, the TS properties and their relations exist objectively, i.e. independently of the minds of
engineering designers, customers, researchers, etc. It is, therefore, optimal to develop a complex and
self-consistent system/‘map’ of ‘all’ classes of the existing TS properties at level III as mentioned
above.Our hypothesis was to derive classes of the so called external TS life cycle properties
objectively using the model/’map’ of TS life cycle phases and to add to them the classes of so called
internal TS properties, which can be defined axiomatically [Hubka 1996].

CLASSES OF EXTERNAL TS PROPERTIES

TS PROPERTIES RELATED TO TS LIFE CYCLE (LC) PHASES / PROCESSES

Properties for Planning - constructional suitability for company’s product, production, human,
technical, information/knowledge, license, market, sales, service, etc. policy, constraints and identity
Properties for other Origination Phases — constructional suitability for the required engineering
design, technological and organisational preparation of manufacturing, manufacturing (incl. co-
operations, purchasing, assembly and testing), etc.

Properties for Distribution — constr. suitability for required packaging, storage, transport, etc.

Function Operational Properties or (more generally) Effect Properties on the transformed operand—
constructional suitability for required clamping, moving, heating, etc. (including their functionally
determined properties/parameters— constructional suitability for required power, speed, rpm, etc.)
Other Operational Properties — constructional suitability for required operational safety, space and
energy needs, service life, reliability, etc.

Properties for Liquidation — constr. suitability for required disassembly, separation, recycling, etc.

Figure 4. Part A Process related Classes of External Properties of Technical System (TS) based
on the TS Life Cycle model (Fig. 3)

TS PROPERTIES RELATED TO OPERATORS OF THE RESPECTIVE TS LC TRANSF. PROC.

Properties for Humans — constructional suitability for required operator safety, ergonomics,
agreeability to humans, including aesthetic appearance, low noise, etc.

Properties for other TS — constructional suitability for required use of easily accessible TS, few
demands on needed new technical means/TS, etc.

Properties for Information — constructional suitability for required needs of easily accessible/provided
information/knowledge, etc.

Properties for Environmental Material and Energy — constructional suitability for required ecology,
i.e. society, nature and space, etc., compatibility

Properties for Environmental and Management Information — constructional suitability for keeping
laws, regulations, required culture, customs, etc.

Time Properties for Process Management — constructional suitability for keeping required deadlines
(including delivery time), duration of processes/operations, etc.

Economic Properties for Process Management — constructional suitability for required production,
operational cost/price, effectiveness, etc.

CLASSES OF INTERNAL TS DESIGN PROPERTIES

General Design Properties —TS strength, stiffness, hardness, corrosion resistance, etc.

Elementary Design Properties — TS structure, and shapes, dimensions, materials, types of]
manufacture, tolerances, surfaces quality, etc., of its elements

Design Characteristics — TS working principles, crucial functions, features, etc.

Figure 5. Part B Operator related Classes of External Properties of Technical System (TS)
based on the TS Life Cycle model (Fig. 3) and Classes of Internal TS properties according to
[Hubka 1996]



The chosen way for the development of theoretical model/’map’ of TS life cycle using models from
[Eekels 2000 and Hubka 1996] is depicted in Fig. 3. The resulting system of classes of external TS
properties has the simple table form shown in Fig. 4. The important feature is that the part on the top
of Fig. 4 - Part B related to operators represents ‘columns’ of the matrix, the ‘rows’ of which are 7 life
cycle processes shown on the right of Fig 3. The classes related to the operational process, and
environment and management operators have been doubled in Fig. 4 because they each have two
significant different roles.On the other hand the ‘theoretical’ classes related to engineering design,
technological & organisational and manufacturing processes have been merged here to only one class
due to their close relationships. The complementary system of classes of internal TS properties [Hubka
1996], which are carriers of all the inherent TS external properties related to the mentioned classes, is
shown in the bottom of Fig. 4. To summarize, the presented system/”map” of the classes of TS
properties includes 13 external (6 process related + 7 operator related) + 3 internal (i.e. 16 altogether)
simply to understand and remember ‘categories’ for classes of TS properties only. However, due to the
matrix form of the operator related classes it covers 6 + 7 x 7 + 3 = 58 (in fact only 55 due to the
irrelevance of some intersections within the mentioned matrix) real classes of TS properties.

Considering both general and actual priorities of classes of the TS properties (mostly the operation and
safety related classes of TS properties, typed in bold, have the highest priorities) this system/’map’ can
effectively serve as a reference for the establishment of the systematic list of requirements on designed
TS and for all other related engineering design activities.

5. TS properties and required Quality, Cost and Time

When looking at the TS properties from the point of view of ‘TS constructional (or real) suitabilities’
for the required states of Quality, Cost and Time (affected by the ideal/assumed/prescribed or real
factors of relevant processes), we gain very transparent relations to the relevant TS properties
(however, many of the TS properties can easily be omitted when assessing them using the above
mentioned strategy levels Il or even I) and thus to engineering design of TS. We can even gain a
general understanding of this ‘triad’:

o The TS constructional (or real) suitability for the required TS Quality can be evaluated, as a
result of the partial evaluations of ratios of the constructional (or real) and required states of
achieved actual and potential future required TS properties (quality characteristics according
to [ISO 9000:2000]) beyond the considered stage of evaluation (the Quality of the designed or
implemented, etc., TS concerns all the required TS properties [ISO 9000:2000] related to the
ideal/assumed (or real) state of the TS constructional structure and ideal/ assumed/prescribed
(or real) states of all the following TS life cycle processes and their operators, which can be
easily performed using the table in Fig. 4).

o The TS constructional (or real) suitability for the required state of Cost can be evaluated as a
result of the particular evaluations of ratios of the constructional (or real) and required states
of cost results related to all the relevant preceding (related to the considered stage of
evaluation) TS external properties (i.e. those concerning all the previous TS life cycle
processes and their operators, which can be also easily performed using the table in Fig. 4).

o The TS constructional (or real) suitability for the required state of Time can be evaluated as a
result of the particular evaluations of ratios of the constructional (or real) and required states
of time results related to all the relevant preceding (related to the considered stage of
evaluation) TS external properties (i.e. those concerning all the previous TS life cycle
processes and their operators, which can be easily performed using the table in Fig. 4 too).

It is interesting that the term ‘required’ can be generally understood as related to any past, current or
future stage of the TS life cycle and may, surprisingly, be seen from any of its past, current or future
stages (i.e. the same or a different one). When the term required is specified by the term ‘delivery’, we
obtain the three special expressions generally known from the market as Quality, Cost and Time only.



6. Conclusions

These results have been significantly affected by the works of Andreasen [Andreasen 2000], Hubka
[Hubka 1996] and many others, mostly the members of the Design Society formerly the WDK society
(see references). Our analyses proved that 10 publications from the mentioned references present from
7 to 28 (in average 16,2) classes of the TS life cycle properties, which include from 16 % to 80 %
(where on average 28,9 % is explicitly defined/stressed and 20,6 % is mentioned generally only) of the
TS properties covered by the presented system/’map’ shown in Fig. 4. On the other hand, all these
reference publications cover altogether 96% of the properties (where 78% is explicitly defined/stressed
only) covered by and defined/stressed in the presented system/‘map’ and, what is important, do not
mention any TS property, which cannot be included into this system/‘map’.

Besides these achievements it is important that the presented graphical model based approach
(compared to the difficult to remember 6 enumeration based and 4 methodical schema based
approaches in the mentioned reference publications) is user-friendly as explained above. Even if
certainly not perfect it can be effectively used in engineering design research, education and practice at
all levels from executive to top management. It has already been applied and its usefulness proved in
more than 100 university engineering design diploma theses, which have been undertaken for almost
30 industrial companies and successfully evaluated by their reviewers. Further the presented system
proved its practical applicability in almost 30 successful engineering design projects in 10 industrial
companies.

Acknowledgement

This paper includes partial results of the Research Project ‘Innovations, Engineering Design, Technology and
Material Engineering of Industrial Products’ MSM232100006 supported by the Czech Ministry of Education.

References

Andreasen, M. M. and Hein, L., “Integrated Product Development”, IPU, Tech. University Denmark, 2000.
Breeing, A. and Fleming, M., “Theorie und Methoden des Konstruierens”, Berlin Heidelberg: Springer-Verlag,
1993, ISBN 3-540-561777-3.

Cross, N., “Engineering Design Methods”, Chichester: John Wiley & Sons, 1991, ISBN 0-471-92215-3.

Dieter, G. E., “Engineering Design”, New York: McGraw-Hill Inc., 1991, ISBN 0-07-016906-3.

Eekels, J., “On the fundamentals of engineering design science”, Part 1, Journal of Engineering Design, Vol.11,
No.4, pp 377 — 397, 2000.

Ehrlenspiel, K., Kiewert, A. and Lindemann, U., “Kostengiinstig Entwicklen und Konstruieren”, Berlin
Heidelberg: Springer-Verlag, 1998, ISBN 3-540-19997-7.

Hales, C., “Managing Engineering Design”, Essex: Longman Scientific & Technical, 1993, ISBN 0-582039339.
Hosnedl, S., “Engineering methods and life cycle properties of technical products”, Proceedings of the 5. MMT.
Eds. Kasper R. et al., Otto-von-Guericke-Universitdt, Magdeburg, 2001, pp 185-193.

Hosnedl, S., Vanék, V and Borusikova, 1., “Design Science for Engineering Design Practice”, Proceedings of
the ICED 01, Vol. 3, Eds. Culley S. et al., IMechE, London. Glasgow, 2001, pp 363- 370.

Hubka, V. and Eder, W. E., “Design Science’, Berlin Heidelberg: Springer-Verlag, 1996, ISBN 3-540-19997-7.
Hundal, M. S., “Systematic Mechanical Designing”, New York: ASME, 1997, ISBN 0-7918-0042-3.

Pahl, G. and Beitz, W., “Engineering Design”, Berlin Heidelberg: Springer-Verlag, 1996, ISBN 3-540-19917-9.
Roozenburg, N. F. M. and Eekels, J., “Product Design, Fundamentals and Methods”, Chichester: John Wiley &
Sons, 1995, ISBN 0-471-94351-7.

IS0 9000:2000, “Quality management systems”.

Stanislav Hosnedl, Prof., M.Sc., Ph.D.

University of West Bohemia, Department of Machine Design
P.O. Box 314, Univerzitni §, 306 14 Pilsen, Czech Republic
Telephone: +420 377 63 8266, Telefax: +420 377 63 8202
E-mail: hosnedl@kks.zcu.cz




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveEPSInfo true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputCondition ()
  /PDFXRegistryName (http://www.color.org)
  /PDFXTrapped /Unknown

  /Description <<
    /FRA <>
    /ENU (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
    /JPN <FEFF3053306e8a2d5b9a306f30019ad889e350cf5ea6753b50cf3092542b308000200050004400460020658766f830924f5c62103059308b3068304d306b4f7f75283057307e30593002537052376642306e753b8cea3092670059279650306b4fdd306430533068304c3067304d307e305930023053306e8a2d5b9a30674f5c62103057305f00200050004400460020658766f8306f0020004100630072006f0062006100740020304a30883073002000520065006100640065007200200035002e003000204ee5964d30678868793a3067304d307e30593002>
    /DEU <>
    /PTB <>
    /DAN <>
    /NLD <>
    /ESP <>
    /SUO <>
    /ITA <>
    /NOR <>
    /SVE <>







    /HEB (Use these settings to create PDF documents with higher image resolution for improved printing quality. The PDF documents can be opened with Acrobat and Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


